The growth-sporulation model we developed accurately describes growth and sporulation 
Introduction

62
Spore-forming bacteria are common contaminants of food, and represent the major 63 source of food poisoning and food spoilage (1, 2). The aim for industrials is to prevent The proposed models (Equations 1 and 4) accurately described the growth and sporulation The growth and sporulation kinetics were not significantly different between the wild-156 type BSB1 and P spoIIAA gfp strains for the three temperatures tested. The values of the 157 likelihood ratio test were 8.37, 7.43 and 3.00 at 27 °C, 40°C and 49°C respectively, i.e. 158 inferior to 15.51 (α<5%). This allowed the wild-type strain to be used as a background to 159 compute the fluorescence related to the production of GFP by strain P spoIIAA gfp.
161
At 40 °C, the lag time was of 1.6 h, the growth rate was 1.61 h -1 (Figure 2f and Table   162 1) and cells reached a maximal concentration of 3.8 × 10 8 CFU/mL at 10 hours of culture. The Table 1 ). The sporulation kinetics displayed a first phase of abrupt 167 appearance of almost 10 3 CFU/mL and a second phase with a more gradual appearance of 168 spores over time. These two phases were correctly described by the predicted kinetics. The to the maximal sporulation probability P max which was estimated at 2.4 × 10 -2 (Table 1) . The 171 use of the model allowed computing a time to see the first spore at 9.0 h of culture which was 172 consistent with experimental observations. Indeed, the time needed to obtain the first 10 173 spores per milliliter (corresponding to the detection limit) was at 12 h of culture. Lastly, the 174 time to form a spore was estimated at 7.0 h of culture which was consistent with previous 175 findings (25).
177
At 27 °C, the growth rate was reduced by 35% as compared to growth at 40°C, and 178 the lag time was twice as high with λ values of 1.6 h and 3.1 h at 40 °C and 27 °C respectively
179
( Table 1) . The fluorescence evolved more gradually from 0 h to 70 h at 27 °C than at 40 °C
180
( Figure 2a ). This led to a more scattered probability of commitment to sporulation at 27 °C with a σ value of 15.9 h compared to 10.4 h at 40 °C (Figure 2b ) which explains the gradual 182 appearance of spores at 27 °C ( Figure 2c ). The maximal fluorescence was 20% lower at 27 °C 183 than at 40°C, leading to the estimation that the maximal sporulation probability was about 3- The decision-making process to sporulate was defined elsewhere at the cell level (27-29) 227 and was translated at the population level by the probability to sporulate P in this study. Ultimately, once the sporulation is initiated by vegetative cells, the process takes some hours 242 to achieve until it forms a mature spore, which defines the second sporulation parameter t f.
244
Quantitative and qualitative information are brought by the sporulation parameters
The growth-sporulation model allowed describing accurately the growth and sporulation 247 kinetics and allowed computing the time to obtain the first spore in the culture, the speed of Table S1 ). In particular, these early models did not succeed in 
271
The probability scattering σ assesses how synchronous the bacterial population is for 272 initiating sporulation. At 49°C, sporulation was synchrone whereas at 40°C sporulation was Concomitantly with σ, the time t max at which P max is obtained allows assessing the time
283
at which the first cell initiates the sporulation, which is mathematically obtained when the product of the probability to sporulate with the concentration of total cells (CFU/mL) is 5 µg/mL of chloramphenicol after incubation for 24 h at 37 C. The inability of the P spoIIAA gfp strain to degrade starch (as the reporter fusion is inserted in the amyE locus) was also verified 336 on starch plates with iodine revelation. The growth and the sporulation parameters of the model in equations 1 and 4 were 408 estimated in a three-step procedure.
In the first step, the primary growth model was fitted to the experimental counts (ln
410
(CFU/mL)) to estimate the growth parameters (N 0 , λ, µ max and N max ) with Equation 1.
411
In the second step, the experimental fluorescence data in log 10 (AU) were plotted 
424
The auto-fluorescence of the wild-type strain BSB1 was used as the background fluorescence.
425
The two BSB1 and P spoIIAA gfp strains were concomitantly cultivated. In the third step, the time taken to form a spore (t f ) and the maximal proportion of The goodness of fit of the model was assessed with the RMSE (Root Mean Square
457
Error):
with ESS, the Error sum of squares calculated in equation 6, n, the number of experimental 460 data and p the number of parameters of the model.
462
The likelihood ratio test (50) was used to check that the growth and sporulation 463 kinetics were not significantly different between the wild type BSB1 and P spoIIAA gfp strains.
464
The growth and sporulation parameters were estimated for both strains. In order to compare 465 the quality of fit with the model with fitted parameters or inputs, the likelihood ratio (S L ) was 466 calculated as follows (50):
where n is the number of experimental data, is the ESS obtained by fitting 
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